INTRODUCTION
Corrosion and tarnishing of dental casting alloys have been studied in simulated physiological solutions such as immersion in artificial saliva, Ringer's solution, and saline solution1-3) . For accelerated corrosion tests, 0.1-3% Na2S and 1% lactic acid solutions have also been used as corrosive solutions4-8).
It has recently been suggested that the effects of orally administrated drugs on corrosion of dental alloys must be assessed to prevent corrosion of metallic restorations and its adverse effects on patients9-13).
Polyvinylpyrrolidone-iodine (povidone-iodine) solution has been widely used as a gargle solution for prevention of focal infection and disinfection of oral tissues. Kusu et al.14) demonstrated by cyclic voltammetry and specular reflectance spectroscopy that the compound iodine glycerin, even at very low concentration, caused corrosion of precious dental alloys to form Cul and/or AgI. The period for using a gargle solution in the oral cavity, however, is very shortonly about 30-60 seconds on average. Therefore, kinetic information on corrosion reactions proceeding on the alloy surface must be obtained in order to evaluate the effects of iodine compounds on intraoral corrosion of metallic restorations.
In the present study, we conducted immersion tests and evaluated the initial corrosion of three Agbased alloys in povidone-iodine solution by means of visible-ray spectrocolorimetry. Corrosion potential measurements and analyses of corrosion products by X-ray diffractometry were carried out to elucidate the corrosion mechanism in povidone-iodine solution.
MATERIALS AND METHODS

Materials
Three commercial
Ag-based alloys with different compositions were used in this study.
The chemical compositions of these alloys are shown in Table 1 . Disk specimens (8 mm in diameter X 1 mm in thickness) were cast by a conventional dental casting 5 shows the X-ray diffraction patterns obtained from the three alloys after immersion in povidone-iodine solution for 20 hours. Except for the peaks corresponding to the alloy phases, all peaks detected from the three alloys were assigned to AgI, indicating that the main corrosion product formed on the three Ag-based alloys in the diluted povidoneiodine solution, regardless of alloy composition and microstructure, was AgI.
Corrosion potentials in the diluted povidone-iodine solution Corrosion potentials for the three alloys in the diluted povidone-iodine solution (pH = 2.6) were initially low, but gradually shifted in a noble direction as immersion time elapsed. Fig. 6 shows the corrosion potential ranges for the three alloys in an equilibrium potential-pH diagram for an Ag-I-H2O system. Calculations for the diagram are given in the Appendix.
The corrosion potentials for the Ag-In and Ag-Sn-Zn alloys, which contained large amounts of base metals, were about 500 mV lower than that of Ag-Pd-Cu-Au alloy.
For all alloys, however, the thermodynamically stable species of Ag under these corrosion potentials and pH conditions was AgI. The thermodynamically stable species of iodine under the corrosion potential range and pH conditions in It was found that the three Ag-based alloys tarnished within 10 seconds in this solution.
In general, patients disinfect their oral tissues several times a day by the diluted solution for a very short time, approximately 30 to 60 seconds each time. Even in such a short time, it is sufficient to accelerate the corrosion of metallic restorations made of Ag-based alloys. Using X-ray photoelectron spectroscopy, Fujise et al.17) detected AgI on the tarnished disk specimen of an Ag-Pd-Cu-Au alloy , which was embedded in an experimental denture of a patient who gargled three times a day using commercial povidone-iodine solution.
In contrast, severe discoloration of crowns and bridges made of Ag-Pd-Cu-Au alloy due to the formation of AgI in the oral environment has not been reported so far. It is probable for such restorations that the corrosion product of AgI is easily removed by brushing with toothpaste.
It should be noted, however, that metallic restorations are definitely degraded as a corrosion reaction proceeds, even though the esthetic quality of the restorations is almost unchanged after the corrosion products are removed . Severe corrosion in marginal areas of metallic restorations may possibly lead to marginal fracture of an inlay or gap formation at the margin of a crown , both of which greatly affect the durability of restorations.
The in vitro corrosion experiments conducted in the present study demonstrated that dental Ag-based alloys were severely corroded in the polyvinylpyrrolidone-iodine solution at its practical concentration.
Corrosiveness of this type of gargle solution in an in vivo condition should be further examined through careful observation of the corrosion appearances of Ag-based alloy restorations in patients -before and after using this solution .
APPENDIX
The equilibrium potential-pH diagram for an Ag-I-H2O system was constructed based on the following equations.
The equilibrium potential (E) of each reaction was calculated using the Nernst equation18 with thermodynamic data given by Pourbaix19) . The effective iodine concentration of the diluted solution was 0.47 mg • ml-1 (3.70 x 10-3 M) .
